Reduction of seating pressure using FES in patients with spinal cord injury. A preliminary report. The aim of this study was to investigate the use of functional electrical stimulation (FES) as a means of pressure sore prevention in seated spinal cord injured (SCI) subjects. Nine SCI subjects took part in tests in which electrical stimulation was applied to the quadriceps with the lower legs restrained. Ischial pressures were measured during periods of quiet sitting and FES application. A strain gauged lever arm was used to measure the knee moment during quadriceps stimulation. The average pressure drop at the right and left buttocks was 44 mmHg and 27 mmHg respectively. In general the greatest reductions occurred in subjects with larger knee moments; however, there was no direct relationship between the pressure reduction obtained and the quadriceps strength. This form of FES may be useful as a prophylactic aid in the management of pressure sores in SCI subjects.
Introduction
Pressure sores are a major cause of morbid ity in patients with spinal cord injury, and a huge drain on financial resources in the units responsible for their management. The prevalence of pressure sores in patients with spinal cord injury has been estimated to be in excess of 20% in some studies. 1 The ischial region is the commonest site of sore formation since it is also the region where the highest pressures are encountered. 2.3.4 Because of the difficulty and cost of treating established ischial pressure sores, preven tion has played an important role in the rehabilitation of patients with spinal cord injury. Traditionally this has focused on the development of specialised seating surfaces and the performance of pressure relieving push-ups by the patients. However, patient compliance in performing regular ischial pressure relieving push-ups has been demonstrated to be variable.
The reduction of seating pressures using electrical stimulation has been suggested by Levine et at, 6 who have reported pres sure reductions by stimulating the gluteal muscles in seated able bodied subjects. The magnitude of changes induced however, was low, generally less than 20 mmHg. In a previous report we proposed that if the knee was restricted from extending then stimula tion of the quadriceps muscles could also reduce ischial pressures. We have now completed a preliminary study of ischial pressure reduction utilising electrical stimu lation applied to the quadriceps muscles in patients with spinal cord injury. The long term objective of the study is the develop ment of an automated system to reduce ischial pressures and hence to aid the prevention of ischial pressure sores.
Materials and methods
Nine spinal cord injured subjects were re cruited for the study. There were 4 quadri plegics and 5 paraplegics. All subjects had complete lesions with an upper motor neuron pattern of neurological loss. Table I lists the 9 subjects included in the study, giving details of mode of injury and level of lesion. Subjects 3 and 4 had a previous history of pressure sores. None of the subjects had a pressure sore present at the time of inclusion to the study. Prior to entering the study, all subjects underwent a 3-month quadriceps, conditioning pro gramme. A 2-channel neuromuscular stimu lator with surface electrodes was used to apply stimulation to the quadriceps 30 minutes/day for at least S days/week. The quadriceps were stimulated while the pati ent was in a sitting position. The active electrode was placed over the motor point of the femoral nerve and the indifferent electrode was placed just proximal to the patella. Once the muscle conditioning pro gramme was completed tests were com menced. Each subject was seated on a foam cushion (density CMRBSO) in a model 8L recliner wheelchair. The wheelchair was modified by replacing the normal leg rests with strain-gauged lever arms. The lower limb was attached to the lever arms with broad padded straps just above the ankle joints. To provide a firm pivoting area under the posterior of the thigh a padded steel bar was placed transversely across the front of the cushion. The back rest was tilted pos teriorly SO posteriorly and the lever arms angled forward 2So from the vertical. Ischial pressures were measured using a pressure monitor based on a recently re ported construction model. 7 The sensor cell used was a sealed bag made of 0. 2S mm thick PVC sheets with a diameter of 28 mm and is commercially available (Talley Group Limited, Medical Equipment Division Hants, UK). The sensor bags were filled with vegetable oil and sealed to strain gauged diaphragm transducers (SenSym SCX1SDN, Sensor Technics, Rugby, UK)
Prophylaxis of pressure sores: aided by FES 475 by a length of PVC tubing with an internal diameter of 2 mm and a wall thickness of O.S mm. The output voltage is linearly re lated to the applied pressure and the elec trical signals were amplified and relayed to an analogue to digital converter (Amplicon PC-26A) installed in an IBM compatible Compaq AT computer. This enabled stor age of pressure data for later analysis.
In order to minimise the effect of cloth ing, each subject wore a pair of thin lycra cycle shorts. The ischia were located by palpation and the sensors were taped to the shorts over the ischia. While sitting the subjects were asked to remain in a relaxed comfortable posture and not to make sud den movements.
Electrical stimulation was applied by means of a programmable stimulator. The stimulation was applied bilaterally and simultaneously via surface electrodes (Axel gard Pals Plus). In order to obtain a smooth tetanic contraction, the parameters of stimulation applied were: pulse width 300 j-tS, frequency 20 Hz and amplitude 100 mAo Stimulation was applied for 10 second intervals with a 20 second rest period. This was repeated after a one minute rest. Pressure readings were sampled at 1 Hz.
Pressure redistribution was assessed in a separate series of tests with subjects 1, 2, and 6. Sensors were placed under the ischia, and between the posterior aspect of the thigh and the pivot bar. These were all areas of anticipated pressure redistribution. Stimulation was applied as above and pres sure was sampled at a frequency of 1 Hz. This test was repeated using the Strathclyde cushion in place of the pivot bar with the foam cushion.
Results Figure 1 shows the pressure at the right (a) and left (b) ischia during rest and stimula tion for all of the subjects. Table II shows the subjects' knee moment with quadriceps stimulation, and their body mass.
A Student's t-test was performed, com paring the mean of the resting pressures with the mean of the stimulated pressures. The difference between resting and stimu lated pressures at the ischia were statistically significant (p < 0.001) in all except subject 6. A reduction in pressure occurred at the right ischia of all the subjects and at the left ischia in all except subjects 4 and 8. The mean resting pressure for the subjects were on the right 99 mmHg and on the left 76 mmHg. These dropped during stimula tion to mean pressures of on the right 55 mmHg and on the left 49 mmHg. The mean pressure drop was on the right side 44 mmHg and on the left side 27 mmHg.
The greatest pressure reductions were seen in subjects 5 and 7. The lowest ischial pressures during stimulation occurred in subject 5, reducing to 28 mmHg and 2 mmHg at the right and left sides respec tively. This represented a drop of approxi mately 150 mmHg from the resting pres sure. Subjects 4 and 8 had an increase in left ischial pressure on quadriceps stimulation. They had weak quadriceps, the left being less than half the strength of the right. Subjects 1 and 2 were extremely heavy.
These subjects showed relatively small pressure drops despite a relatively high knee moment for subject 2. Subject 9 was also heavy, however he had stronger quadriceps than subjects 1 and 2, and produced a greater pressure relief. Table III shows the pressures at the thigh with the pivot bar, and with the Strathclyde cushion during rest and stimulation. It also shows the mean pressure reduction at the right and left ischia. The pressures at the thigh when using the pivot bar were higher than with the Strathclyde cushion. The ischial pressure reductions with the Strath clyde cushion were less than those achieved with the pivot bar in half of the cases and greater in the other half.
Discussion
Our results from this preliminary study indicate that reduction of ischial pressures during sitting is possible using FES. The reductions in this study are greater than those produced by Levine6 with stimulation of the gluteal muscles. The quadriceps strength and weight of the subject appear to affect the pressure reduction; however there appears to be no direct relationship between the knee moment/kg body mass and pres sure drop. The variation between subjects in quadriceps strength may be attributable to varying degrees of spasticity; those with more quadriceps spasticity tended to have greater knee moments. The asymmetrical pressure redistribution shown in subjects 4 and 8 may be due to unilateral weakness of the quadriceps muscles causing tilting of the trunk towards the left side. The function of the pivot bar was to make a firm pivot point for the thigh. However, the use of the pivot bar may be contraindic ated in some subjects due to pressure increases at the front of the thigh during stimulation. In these subjects the Strath clyde cushion may be a viable alternative, as, by design, it has a firm support at the front of the thigh. Further adaptation of the Strathclyde cushion may enable larger ischial pressure reductions without causing too great an increase in pressures at the thighs.
Some of the resting pressures observed in this study were rather high. It should be borne in mind however, that the sensors used were small and placed directly under the ischium. It is therefore to be expected that they would register higher pressures than are generally recorded in clinically practice with the larger inflatable sensors 125  136  24  14  23  13  L  101  118  12  34  40  14  2  R  132  226  14  64  99  4  L  102  153  7  55  61  11  6  R  113  164  20  75  79  5  L  55  119  1  40  63  5 commonly used. Although the pressure changes recorded in these tests were statist ically significant, the application in a clinical setting is a more complex issue. The re commended frequency and magnitude of seating pressure reduction necessary to pre vent pressure sores is controversial. As yet firm guidelines cannot be given, and it is likely that the tissue tolerance thresholds to pressure are but one of a series of inter acting elements in the pathogenesis of press ure sore formation. Many other factors including continence, nutritional status, qu ality of rehabilitation and motivation of the patient must also play a role. While the formation of a pressure sore is undoubtedly a multifactorial event, the ap plication of a given pressure for sufficient time to exceed the tissue tolerance is the 'sine qua non' that allows sores to develop. We therefore consider that regular reduc tion of ischial pressures is a rational ap proach to prevention, and is likely to remain a cornerstone of preventive therapy for the foreseeable future. The use of quadriceps stimulation to reduce pressures was achieved in these tests with no discomfort to the patient, and with minimal modification to the wheelchair.
There are still some important issues to be dealt with by further study. In the short tests conducted for this study, the onset of muscle References fatigue did not prove to be a problem. The development of muscle fatigue system over a more prolonged period needs to be asses sed. A standard cushion was used in the first series of tests to ensure reproducibility of results. The pressure response using other commercially available cushions (J ay, Roho, Strathclyde) is presently under investigation as are methods of increasing the effectiveness of the pressure reduction, and the performance of regular pressure reductions over longer time scales. The results will form the basis of a subsequent publication.
Our preliminary experience with this technique suggests that useful ischial press ure relief can be achieved with electrical stimulation applied to the quadriceps mus cles, provided the strength of the quadriceps is adequate. If these pressure reductions can be reproduced over longer time scales and on other cushions, the technique may form the basis of an alternative method of pres sure sore prevention.
